The surface albedo plays an important role in the exchanges of energy and mass in the planetary boundary layer. Therefore, changes in albedo affect the balance of radiation and energy at the surface, which can be detected with its monitoring. Albedo determination has been performed through various sensors, but there is not yet any publication dealing with albedo calculation procedures using OLI (Operational Land Imager) -Landsat 8 images. The objective of the study is to present the procedures for computing the albedo with OLI images and map it in irrigated areas of the São Gonçalo Irrigated District, PB, Brazil. Images of the year 2013, path 215 and row 65, were selected. The data necessary for calculating the albedo were extracted from each image metadata: additive and multiplicative terms of radiance and reflectance, and sun elevation angle. There were large differences between the albedo values of irrigated plots, water bodies and native vegetation. The albedo obtained with OLI images provides a higher degree of differentiation of the various types of land use, due to the substantial increase in the radiometric resolution of this new sensor.
Introduction
Net radiation plays a fundamental role in biophysical processes involving exchanges of energy and mass in the planetary boundary layer, since it constitutes the main energy source used in the heating of soil and air, and in plant evapotranspiration (Silva et al., 2005a; Wang & Davison, 2007; Giongo et al., 2010; Lopes et al., 2013; Souza et al., 2014) . Surface albedo substantially affects net radiation; thus, many satellites carry sensors (TM -Landsat 5, ETM+ -Landsat 7, AVHRR-NOAA, MODIS -Terra/Aqua, ASTER -Terra, among others) that determine and monitor the Earth's surface albedo. Therefore, its monitoring has increasingly gained importance, since the alterations caused by natural and/or anthropic phenomena on the surface of the planet can be detected by orbital sensors, besides the role played by the albedo in climatic modeling.
There are different algorithms for the calculation of surface albedo that use radiometric measurements of AVHRR bands 1 and 2, some of which relate the spectral planetary reflectances of these bands to the surface albedo (Wydick et al., 1987; Hucek & Jacobowitz, 1995) . More recently, Liang (2000) obtained, for various orbital sensors, equations that allow calculating the albedo through the linear combination of the monochromatic reflectivity of each one of these bands in the solar radiation domain. Souza et al. (2014) applied the parametrization proposed by Tasumi et al. (2008) with high and low loadings of aerosols in different regions of Brazil and data of the MODIS sensor. However, the model proposed by Zhong & Li (1988) employed by Bastiaanssen et al. (1998) in the SEBAL (Surface Energy Balance Algorithm for Land) and initially applied to TM -Landsat 5 images, combines simplicity and precision. This model has been widely used in many studies on the balance of radiation (Silva et al., 2005b; Lopes et al., 2013; Gusmão et al., 2012) , energy (Silva & Bezerra, 2006; Allen et al., 2007; Arraes et al., 2012; Bezerra et al., 2014; Machado et al., 2014; Mattar et al., 2014) and in researches analyzing alterations in land use and occupation (Rodrigues et al., 2009; Giongo et al., 2010; Oliveira et al., 2012) .
The albedo has also been used in climatic modeling and Krayenhoff & Voogt (2010) studied its influence on air temperature, while Wang & Davison (2007) evaluated the impact of climatic variations on the albedo of temperate regions in Canada. Loew & Govaerts (2010) , evaluated the consistency of long-term albedo data obtained with the Meteosat First Generation, used in climatic modeling. In addition, it should be pointed out the role of cloud albedo in climatic monitoring and analysis studied by Mueller et al. (2011) .
In most studies using TM and ETM+, particularly in applications of radiation and energy balance, the albedo is initially obtained through combinations of reflective bands without atmospheric correction and then the atmospheric effects are corrected based on the formulation proposed by Zhong & Li (1988) , intensively used by Bastiaanssen et al. (1998) . More recently, Tasumi et al. (2008) developed an algorithm for the atmospheric correction of each one of the TM and MODIS reflective bands, but based on the same correction model proposed by Zhong & Li (1988) . The main difference is that in the latter the correction is performed in the planetary albedo, while in the former the atmospheric correction is performed band to band, obtained through a radiative transfer model. This is the method adopted by the METRIC (Mapping Evapotranspiration with Internalized Calibration), a variation of the SEBAL and also used in mountainous areas (Allen et al., 2007; Tasumi et al., 2008) .
Although albedo has been used in many researches involving radiation and energy balances based on TM or ETM+ images, there are no published studies that allow its determination using images from OLI (Operational Land Imager), aboard Landsat 8, launched on February 11, 2013 by NASA (National Aeronautics and Space Administration). Therefore, this study aimed to present the procedures that allow albedo determination with OLI-Landsat 8 images and use them in the mapping of areas under irrigation and native vegetation in the São Gonçalo Irrigation District-PB, Brazil.
Material and Methods
The studied area comprehends part of the Piranhas-Açu river basin, in the semiarid region of Northeastern Brazil, and is located in the states of Paraíba and Rio Grande do Norte. The area comprises seven sub-basins: Piancó, Peixe, Alto Piranhas, Médio-Piranhas, Espinharas, Seridó and Baixo Piranhas. In the Alto Piranhas sub-basin, there is the main irrigation district of the Paraíba state, called São Gonçalo Irrigation District -SGID, which is located 15 km distant from the municipality of Sousa-PB (6.84º S; 38.32º W; 234 m), approximately 440 km from the state capital, João Pessoa. The studied area encompasses, besides the São Gonçalo Irrigation District (SGID I and II), the São Gonçalo dam, areas of native vegetation, rainfed agriculture and areas with large soil exposure ( Figure 1 ).
The climate of the studied region is classified as semiarid, DdA' , according to the methodology of Thornthwaite & Matther (1944) , with rainy season concentrated from January to May (Table 1 ). The annual means of air temperature, rainfall and potential evapotranspiration -ETp are respectively equal to 26.6 °C, 904.1 mm and 1418 mm, but minimum and maximum temperatures range from 19.4 to 22. Five OLI-Landsat 8 images, path 216 and row 65, generated in 2013 and obtained from the United States Geological Survey -USGS (http://earthexplorer.usgs.gov/) were used in the study. These images correspond to the Landsat 8 overpass approximately at 09 h 45 min (local time), and have spatial resolution of 30 m and spectral resolution of 12 bits, but are available in 16 bits, which means an intensity in each pixel between 0 and 65,535 gray levels, ensuring a higher detailing degree of the generated information. In addition, meteorological data recorded close to the Landsat 8 pass over the studied area were used, in order to determine the atmospheric transmittance used in the atmospheric correction. The selected days and the data used in the image processing are shown in Table 2 .
The albedo was calculated using the following equation (Zhong & Li, 1988; Bastiaanssen et al., 1998) : W (mm) -precipitable water, obtained as a function of RU (%); and Po -according to the equation of Allen et al. (2002) . Table 1 . Mean rainfall -MR (mm), standard deviation -SD (mm) and monthly mean air temperature -Ta ( o C), according to the records of the Academic Unit of Atmospheric Sciences of the Federal University of Campina Grande (UFCG) Table 2 . Variables used in albedo calculation for the studied area: Sun elevation angle -E (degree), cosine of the Sun zenith angle -cos Z, air temperature -Ta ( o C), relative air humidity -RU (%), atmospheric pressure -Po (kPa) and atmospheric transmittance -τ oc , referring to the moment of the satellite overpass on the days selected for the study, and Earth-to-Sun distance -d ES (astronomic unit) in each selected day
where: α toa -planetary albedo of each pixel or albedo without atmospheric correction; α atm -atmospheric albedo; and τ oc -atmospheric transmittance in the solar radiation domain, which can be obtained by the equation (Allen et al., 2002 (Allen et al., , 2007 :
where: Po -local atmospheric pressure (kPa); K t -air turbidity coefficient (K t = 1.0 for clear air and K t = 0.5 for extremely turbid or polluted air; K t = 1.0 was used in this study); Z -Sun zenith angle (extracted from the image metadata);
a o W 0.14e P 2.1 = +
where: e a -partial pressure of atmospheric water vapor (KPa).
The value of atmospheric albedo can be obtained through a radiative transfer model and, in general, is situated between 0.025 and 0.040 (Allen et al., 2002) . The value of 0.03 was adopted in the present study. The determination of albedo without atmospheric correction (α toa ) was performed through linear combination of the monochromatic reflectance (r b ) of the reflective bands (from 2 to 7) of the OLI -Landsat 8 (Eq. 5), according to the following equation: 
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d ES -Earth-to-Sun distance (astronomic unit) on the day of each image, also extracted from the metadata.
For the determination of each weight (p b ), it is necessary to estimate the solar constant (K b , W m -2 μm -1 ) associated with each one of the OLI reflective bands and, for this, the Eq. 7 was used according to Chander & Markham (2003) . radiation based on the additive and multiplicative terms (group = radiometric_rescaling), both in the calculation of spectral radiance and in the determination of spectral reflectance, for integrating the same group of metadata.
There are different techniques for the determination of surface albedo through orbital images. However, the most used one with Landsat images in researches involving radiation and energy balances results from the proposal developed by Zhong & Li (1988) . This technique requires the identification of the weights or relative contribution of each spectral band in the composition of the albedo in the entire solar radiation spectrum, which is widely known (Bastiaanssen el al., 1998; Allen et al., 2002; 2007; Silva et al., 2005a,b) . For Landsat 8, these weights have not yet been published and one of the objectives of this study is their determination, specifically for OLI. For this, the specific solar constant (K b ) of each one of the OLI bands from 2 to 7 was obtained based on Eq. 7. The values of K b (W m -2 μm -1 sr -1 ) for the five selected days are shown in Table 4 . As observed for each OLI image, these values suffered a sharp change, resulting from the alterations of Lmax and Lmin, which were used for the radiometric calibration of TM and ETM+ images. Thus, based on these results, it is recommended not to use the methodology that employs Lmin and Lmax, but only the reflectances (Eq. 5) and the planetary albedo (Eq. 4) with the mean weights represented in Table 5 . As can be seen in this Table, (Bastiaanssen et al., 1998; Allen et al., 2007; Tasumi et al., 2008) .
Results and Discussion
The data extracted from the metadata, which were used in the calculation of the radiance and reflectance of OLI-Landsat 8 bands 2 to 7, for two of the five days selected for the study are shown in Table 3 . For each one of the selected days, the values of Add rad and Mult rad were different. However, with respect to the reflectances, these factors remain constant, which constitutes an important simplification in the process of calculation of these reflectances. Many researches on radiation balance with Landsat 5 and 7 images have used maximum (Lmax) and minimum (Lmin) radiances in the process of conversion of the gray level into spectral radiance (Bastiaanssen et al., 1998; Allen et al., 2002; 2007; Silva et al., 2005b; . These values were updated over time but remained constant for some years (Chander & Markham, 2003; Chander et al., 2009 ). In the case of OLI-Landsat 8, however, for each image obtained in 2013 used in this study, the values of Lmax and Lmin suffered changes. Therefore, it is recommended to determine (8) constant, since they remained virtually unchanged along the five evaluated days. This result suggests that the obtained mean values, which are shown in Table 5 , must be applied.
Surface albedo is one of the most important components of the surface radiation balance, which explains the great attention paid to its monitoring, especially in studies on changes in land use (Arraes et al., 2012; Oliveira et al., 2012) . The albedo maps obtained with OLI images for the days of June 24 (OD = 175), September 12 (OD = 255) and October 14 (OD = 287) in the year of 2013 are represented in Figure 2 . Areas with albedo lower than 9% comprehend the water bodies (São Gonçalo dam and small lakes, riverbeds and streams). Urban areas, in general, showed albedo higher than 25%, which was also observed in areas of soil with great exposure. Irrigated plots in the SGID showed albedo from 16 to 18%; however, in newly planted orchards (low vegetation index), the higher soil exposure caused an increase in albedo. For the images of OD = 223 and OD = 303, in the pixels corresponding to the clouds, the albedo was generally higher than 80% and, in areas shaded by the clouds, the values were lower than those of water, which is due to the method of calculation of the incident solar radiation in each pixel. The incident solar radiation was considered as constant; however, in the shades, it is significantly lower than in the other pixels, since under those conditions only solar radiation falls on the area. Thus, it is recommended the use of the most precise estimation of solar radiation in these pixels. Given the great heterogeneity of the area, the differentiation between irrigated crops and Caatinga, or soil with great exposure, is not very clear, particularly in the image of June, with storage of moisture in the soil, for being close to the rainy season.
Four targets were selected to verify albedo values in the three days without clouds, which are shown in Table 6 . The location of each one of the selected targets is shown in Figure 2 . According to Table 6 , water albedo is between 3 and 8%, while in the pixel of the urban area it remained between 28.3 and 31.2%. On average, α values were equal to 5.3, 18.2, 16.6 and 30.1% in the areas of the São Gonçalo dam, coconut orchard, central pivot with coconut trees and the urban area of Souza, respectively. These results agree with those of Silva et al. (2011) , who obtained albedo higher than 80% for soils without vegetal cover and between 15 and 20% for irrigated crops. In general, α values corresponding to agricultural areas showed variation of 15-20% in all the studied targets. Areas with fruit crops, in Petrolina (Silva et al., 2005a) , showed virtually constant α values, around 15%. These values are consistent with the albedo estimated for fields under high vegetation cover, derived from the sensors TM -Landsat 5 and ETM+ -Landsat 7.
Between TM and OLI images, there was a systematic difference between albedo values; those obtained with OLI were higher than those generated with TM -Landsat 5. There are at least two explanations for this difference: one is related to the fact that OLI images (16 bits) have radiometric resolution substantially higher compared with TM (bits), and the other related to the environmental, since in 2012 and 2013 the rains were much lower than climatological normals, which characterize these years as years of drought with great coverage and intensity. This also affected irrigated areas, because irrigators had to ration water due to the decrease in the water volume of the São Gonçalo dam.
Conclusions
1. The solar constant values, specific of each one of the OLI-Landsat 8 bands, used in the albedo calculation, showed great differentiation between the studied days.
2. The weights used in the planetary albedo calculation (without atmospheric correction) can be represented by the obtained mean values, because they did not vary much.
3. The albedo of irrigated areas was more clearly different from native vegetation areas in months that are further away from the rainy season.
4. Albedo images show great degree of detail for the different types of land use and occupation, due to their high radiometric resolution. 
